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AIK’J’RAC7

As a calibrate.d irna~ing  spcctromctcr  flying at a 20 kn~ altitude, AVIIUS may contribute to the Landsat ml
the Advancccl 1 and Rcnvme Sensing System clforls. ‘1’hcsc contributions corm in the mm ofi 1 ) on-orbit
calibration. 2) specification of’ ncw spectral bands, 3) validation of’ algorithms and 4) investigation of an
imaging spcctrornctcr  for the Advanced land Wrnmc Sensing Systcrn.

1.0 INTI{OIXJC’1’ION

AVIRIS is a NASA-sponsmcd  l{artll-lookirlg  imaging spectrometer that measures tl]c total upwelling
radiance Iron] 400 to 2500 nm through 224 imaging channels. A plot showing [he 2’24 channels of AVIRIS
and the six bands of the 1,andsat Thematic Mapper is shown in Figure  1. }’or AVIRIS,  typically up to 10
images of 11 by up to 100 km at 20 m spatial resolution are acquired on a single fli~,ht. AVIRIS data arc
rigorously calibrated in the laboratory (Chrien ct al., 1 990) an(i validated inftight with respect to their
spectral and radiomctric characteristics. l’hcse chmctc.ristics  arc surnlnarimd  in “1’able I.

(Wrently  I.andsat has 6 bands in the 400 to 2500 nrn spectral region. ~“hcre is an increasing requirement
that 1.anclsat data be well calibrated to fulfill ttic mcasurcrnent  and monitoring roles of the l.anclsat data.
LJndcr the Advancccl I.and Remote Sensing Systcn~ (Al .RSS) there arc options to adcl to the spectral
covcrag,c  of sensors beyond I.andsat 7. In this paper wc describe potential contl-ibutions by AVIRIS  in the
areas of calibration and measurement augmentation to 1.andsat and AI .RSS program.

2.0 RAI)1OMWJ’RIC ANI) S1’FXXKAI.  CA1 ,IBRA1’1ON

Valid radiornc[ric  calibration is essential for many of the current and proposed algorithms and monitoring
activities of Lantisat,  Because AWRIS is a calibrated imaging spectrometer operating at 20 km altitude,
undcrflights  of I,anctsat by AVIRIS may be used to validate anchor establish the on orbit spectral and
radiornctric  characteristics.

Spcctlal  calibration algorithms arc being dcvclopccl to usc concurrently acquired AVIRIS  and I.andsat-type
data. These algorithms use a concurrently acquired AVIRIS  and spaceborne sensor data to solve directly for
the spectral band shapes. Concorrcn[ly  acquired data over spcc[ral]y  varying surface and atlnospllcric targets
arc required. From tbcsc data, a least squared tmor  fitting algorithm is used to calculate the spectral bancl
shape of the spaceborne sensor.

The radiomctric  calibration of I,andsat  may bc cstablisbcd  through undcrftight  of I.andsat  by AVIRIS,
Bccaosc AVIRIS is calibrated inftight (Green et al., 1993a) and AVIKIS measures data at a 20 km altitude, a
Landsat calibration may occur in a nonclcar  sky or even cloudy conciitions. This is a significant operational
advantage over ground based calibrations.

AVIRIS is currently being USCCI in this mode to calibrate the Optical Sensor (01’S) on board tllc Japanese
Environmental Satellite Jl;RS-1 (Green c.t al., 1993 b). A plot showing the accurate convolution of the
AVIRIS chanmls  to the JEW-1 OF’S bands is given in l;igure 2. In Figure 3 the upwelling 01’S radiance
derived from AVJRIS  is given. In the I.andsat program, AVIRIS  could be used ili this mode beginning with
1 mdsat  6.

3.0 WEC1F1CATION OF FIJIURR AI.RSS BAN1)S

Analysis of AVIRIS data sets may be used to specify future bands for rncasuring  and monitoring the Iiarth’s
surface as well as collecting information for the atmospheric correction of AI,RSS data. Based on research
with AVIRIS  data there is evidence that additional spectral bands would improve mcasurcrncnts  of soils
and rocks; manmade objects; vegetation; snow and ice; as well as coastal and inland waters.

In a(idition, based on analysis of AVIIUS  data sets, AI .RSS bands might be specified to measure: water
vapor, aerosols, surface pressure, cir[us  cloucis, etc. for atmospheric correction (C,recn et al., 1993c; C;octz. ct
al., 1993).



AVIRIS data may be used to investigate the optimal spatial rcsolulicm of AI.RSS bands. For exalnplc,
bands devoted to atmospheric cll:lr:tctcrizatior] may not require ttlc san)e high spatial resolution required i’or
tllc nleasurcmcnt  of surface fcatum.

4.(J ‘1’JM”l’ING ANI) VAI.lI)AI’ION OF A1.GO1/l’l’IIMS

Once a set of bands have been designated for the Al .RSS sensor, AVIRIS data may be :icquircd  and
spectrally convolved to tbc exact band shapes. Tbcsc simulatcci  Al .RSS images may be used to test
propmc(i algorithms for the sur lace and atmosphere un(ic] a range of comiitions. Witii this prc]mration.
vaiidatc(i algorithms wili be in piacc in advance of tile spaccbonle sensor iaunci].

S.0 AN IMAGING SJ)JiC”l’l{Ohfl;’l’liR  ON J\ OARI)  1’JIE AJ,RSS

AVIRi S data arc currently uscci for investigations spal]ning ti]c disciplines of tcncstrial  ecoiogy; gcoiogy
arrci soils oceanography and Iimnoiogy: il}’(iroiogy;  atl]losphcric  gas a[lci :icrosoi investigations: snow
i]ydroio:y;  gcncrai  spectral signature dctcct~on  and cvaiuation; calibration; and aigo]-ithlll dcvclopmcnt. 11
has been proposed to support tilcsc investigations mi applications giobaliy that an imaging spcctr-omctcr  bc
inclu(icci on an AI .RSS. AVIRIS (iata may bc used to CViiiLlfllC  requircnlcnts  and tradeoffs bctwccn tile
spcctlai and slmtiai  covcrq,c  for such a sensor or] tllc Al .RSS.

6.0 CONC1.USJON

AVIRIS currcn[ly rncasurcs (iata for NASA investigators from tlm 20 kln aititucie of tbc FIR-2 aircraft
platform. Work is ongoing to maintain and improve the performance ci~aracteristics  of the AVIRIS  sensor.
The current spcctrai, radionmtric , geometric and calibration characteristics of AVIRIS  allow it to fulfill an
important roic in the calibration of 1,ancis:it sensors. in a(i(iition, AVIRIS may bc used to specify new ball(is
anti ncw capabilities on the Al ,RSS.
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9.0 ‘1’AI)I  ,Jt

‘1’ahlc 1. AVIRIS  I)ata Chuwctcristics
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IJigure 1. 224 AVIRIS  channel plotted with the 6 visible to shor[ wavclcn~th  infrared bands of the 1,amdsat
~’hcn~atic Mapper rnodclcd as gaussian  functions. A tcrlcstrial  tr-ansr[lission  spcct[-unl  is slmwn as WC]].
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I;igurc  2. Wcigtltcd  convolution flltcrs  mapping AVIRIS spcctlal  channels to JEXS-1  C)l’S bands,
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IJiglll’e 3. Measu red  opwclling  radiance convolved to the JI;f<S
Spcctlwll.
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